Introduction
Traditional health care services are being overwhelmed by the impact of population aging, the increasing prevalence of chronic diseases in the population, and the demand for high-quality care in a patient-centered health system. COPD is a leading cause of morbidity and mortality worldwide, with two important points of impact: the use of health care resources that the disease implies, and the effect of the disease on the individual patient. Hospitalization has long been recognized as the main source of costs in this disease. 1 At the same time, COPD exacerbation (eCOPD), especially episodes requiring hospitalization, has potentially severe consequences for the patient, such as loss of pulmonary function 2 and quality of life 3 and an increase in mortality risk.
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All these facts and their economic consequences make it necessary to develop new care strategies. Telemedicine has emerged as a potential tool in a new model of care in COPD, as an alternative or complement to usual care. However, there is ongoing controversy about the efficacy of telemedicine in management of this disease. It is difficult to compare studies and draw definitive conclusions, given the heterogeneity of the cohorts studied, the limited number of patients included in some studies, differences between interventions used, and insufficient clarity in the description of the telemonitoring intervention, as well as the lack of clear primary objectives and short periods of follow-up in some cases. In fact, some review articles 5 and editorials 6 raise concerns or directly deny the efficacy of telemedicine as a tool in COPD management. In contrast, one review found a clear positive result regarding the rate of hospitalization and emergency department (ED) attendance. 7 Therefore, it seems very important to extend the evidence base with well-designed studies to enable conclusive meta-analysis. The objective of this study was to evaluate the efficacy of a telemonitoring program, telEPOC, in a cohort of COPD patients with frequent hospitalizations.
Materials and methods
During May 2010 and July 2012, COPD patients were recruited in integrated health care organizations (IHOs) in two areas in Vizcaya. These two areas have different referral hospitals: Galdakao-Usansolo Hospital (Barrualde IHO), with a catchment population of 350,000, and Cruces Hospital (Ezkerraldea IHO), with a catchment population of 400,000. The cohort from Galdakao formed the intervention group and that from Cruces the control group. Both were followed up for 2 years.
Participants
The inclusion criteria established were having COPD, the disease considered confirmed if postbronchodilator forced expiratory volume in 1 second (FEV 1 ) divided by forced vital capacity (FVC) was less than 0.7 (FEV 1 /FVC 70%), and having been admitted to hospital at least twice in the previous year or three times in the previous 2 years for an eCOPD. Exclusion criteria were having another significant respiratory disease, active cancer, or terminal illness, being unable to complete one or more of the measurements required for the study, unwilling to take part in the study, or not providing written informed consent.
With these requirements, patients were chosen from the databases of the hospitals. All the candidate patients and their caregivers were informed about the program in a general meeting, or individually during an admission, and invited to participate. If the patient agreed to take part, they were asked to sign the informed consent form. All data collected were kept confidential and the institutional review boards and ethics committees of the participating hospitals approved this study (Comisión de investigación del Hospital de GaldakaoUsansolo). The patients were required to be stable for at least 6 weeks before enrollment. All the participants had previously undergone spirometry, but the diagnosis of COPD was confirmed at the time of inclusion in the program.
Usual care
At the time of this study, patients were required not to be taking part in any specific clinical control program in the public health system. Patients were being routinely monitored through regular checkups with their primary care doctor and respiratory specialist. The frequency of these checkups in the respiratory surgery depended on the severity of the disease. Generally speaking, usual care implies a regular evaluation of the patient every 4-6 months. These regular checkups are not completely structured. In sum, it consists of a review of what has happened from the last review (eCOPD, hospitalizations), an evaluation of the current clinical and functional (spirometry) situation, an update of the respiratory treatment if it is necessary, a check of the inhalation technique (by a nurse), and a reminder of some general recommendation related to healthy habits (smoking, diet, weight, and physical activity). Generally, in the event of eCOPD, patients arranged a visit to their primary care doctor.
Intervention
The intervention program consisted of: 1) the provision of educational material about COPD (general information about the disease, its treatment, focusing on tobacco and inhaled medication, healthy lifestyle habits, and warning signs of eCOPD) by a respiratory nurse in two 30-minute sessions with the patient and caregiver, once on inclusion in the program, and again 1 year later; 2) training in using the device (smartphone) used for the telemonitoring; and 3) daily phone calls to enhance patient self-confidence during the first week of telemonitoring, and further calls as considered appropriate, progressively extending the interval between them, according to the capacity of the patient to manage on their own. Generally speaking, throughout the 2 years of the program, patients were given some advice on daily healthy habits, especially physical activity, in every phone call.
Written information about how the program ran and how to use the smartphone, as well as a contact telephone number, was provided to every patient and caregiver. 
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Telemonitoring program for COPD patients Self-management plans related to eCOPDs were not included as part of the program, nor were any home visits. The implementation of this program had been previously explained to all primary care doctors involved in two general meetings.
The program was supported by a specialized respiratory nurse working full-time in Galdakao-Usansolo Hospital and two part-time respiratory specialists working on the program from Monday to Friday. During the evening and at weekends, a centralized call center (run by nonspecialized respiratory nurses) was in charge of the program.
The device used for the telemonitoring was a smartphone with specific software for the program. This software has two parts: 1) a questionnaire about the increase or not of the symptoms of the disease (cough, sputum, and dyspnea), plus a question about health status in the last 24 hours, from the last information sent ("In general, how would you characterize your health today?"; the three answers possible were "better", "as usual", and "worse"); and 2) physiological variables, ie, oxygen saturation and heart rate, which were sent by Bluetooth from the pulsioximeter to the smartphone. Temperature, steps/day, and respiratory rate were measured and typed into the smartphone program by the patient or carer.
Patients included in the telEPOC program were asked to submit information about their clinical condition on a daily basis. The daily data were sent by a secure Internet connection to a password-protected server and transferred to the Respiratory Department at Galdakao Hospital, where a nurse analyzed all the information from every patient. Baseline levels of each of the clinical measurements studied were established on a case-by-case basis, considering the patient's stable clinical condition at the time of inclusion in the program. These baseline data constituted the reference threshold for the daily measurements.
Once the patient's daily measurements had been received, they were automatically classified into one of three colorcoded levels (traffic lights), depending on the extent of deviation from the baseline values. The three levels were established by consensus among the research team, depending on the different combinations of measurements sent each day by a given patient: for example, a green alarm was cough increase or new appearance of mucus sputum; an orange alarm was a deterioration of every symptom or physiological measurement, including change of the sputum to "yellow"; a red alarm was any combination of deterioration of the variables recorded daily.
Once the patient data had been received, there were several possible courses of action. If all the data were classified as normal with respect to the previously established personalized thresholds, no action was taken. If the established threshold was exceeded an alarm was activated and a corresponding action plan was triggered. The first step was a nurse telephoning the patient or the caregiver. This phone call was used to confirm the alarm and its level of priority and attempt to resolve associated problems. If this action was not considered sufficient to address these problems and/or there were remaining concerns, the nurse had two options, depending on the severity of the alarm: waiting for the daily assessment of the patients by respiratory specialists (equivalent to a ward round) or contacting one of the respiratory specialists directly. At this point, it was the respiratory specialist who decided whether the patient should be referred to their primary care doctor, be assessed by a respiratory specialist of the program, or be sent to the hospital ED.
If it were decided that a patient should be assessed by a doctor in primary or specialized care, the program nurse contacted the doctor to arrange an appointment. An alert system warned the monitoring team if daily measurements had not been submitted.
study outcomes
The first primary outcome of the study was the rate of hospitalization for eCOPD. We defined an eCOPD as a sustained worsening of a patient's COPD symptoms with respect to their established stable condition that was beyond normal day-to-day variations and needed specific treatment. In addition, the two other primary outcomes were length of hospital stay and rate of readmission within 30 days after index admission. Secondary outcomes of the study were rate of ED attendances and changes in clinical parameters (exercise capacity, limitations in daily life activities, healthrelated quality of life [HRQoL] , anxiety, and depression). Deaths were also considered.
Control group
The control group received treatment according to usual care in our health system. That is based on regular checkups with the primary care doctor and respiratory specialist. These checkups followed a standard schedule of monitoring, with checkups every 4-6 months depending on the severity of the disease, and patients received unstructured information/ education about COPD. In brief, the key differences between the two groups were the telemonitoring system and the structured educational intervention. No additional intervention was carried out related to this study. 
Baseline assessment
The study protocol for both intervention and control cohorts included collection of a wide range of data before being included in the study, as well as each year during the follow-up. Specifically, data were collected on sociodemographic characteristics and smoking habits. The level of dyspnea was assessed using the modified Medical Research Council score. 8 Comorbidities were determined by reviewing patients' medical records, and the Charlson Comorbidity Index was calculated. 9 HRQoL was assessed using the validated Spanish version of the St George's Respiratory Questionnaire (SGRQ). 10, 11 The London Chest Activity of Daily Living (LCADL) scale 12 and Hospital Anxiety and Depression Scale questionnaires 13, 14 were also completed by every patient to assess functioning and anxiety/depression, respectively.
Complete pulmonary function tests included forced spirometry, a bronchodilator test, and body plethysmography, as well as measurements of diffusion capacity for carbon monoxide and respiratory muscle strength. Standard values used were those established by the European Community for Steel and Coal. 15 Two 6-minute walking tests (6MWTs) were performed, in accordance with American Thoracic Society guidelines. 16 Further, the BODE (body mass index, airflow obstruction, dyspnea, exercise capacity) index was calculated. 17 In addition, the intervention group used a pedometer every day.
Retrospective data from the 2 years prior to joining this study were retrieved from the hospital database for all patients. Specifically, the following data were collected: number of hospital admissions, length of hospital stay, readmission at 30 days after one hospitalization, and ED attendance.
Follow-up
Survivors were interviewed and underwent the aforementioned assessments every year during the follow-up period. No other interventions were performed related to this study.
Data collection
In the intervention group, data on hospitalizations and ED attendances during the study were collected in real time, patients having been instructed to report such events and daily monitoring ensuring regular assessment of patient status. Moreover, if a telemonitored patient did not submit the daily data, the system generated an alert, triggering a phone call from the nurse to ascertain why the data had not been sent. In addition, records were reviewed to identify hospitalizations and ED admissions of all participating patients (intervention and control groups) at the end of each year. The questionnaires and tests of pulmonary function and exercise capacity were also completed each year.
sample-size calculation
Based on the results of a previous study, we estimated that we would need 85 patients in each group to achieve a power (1 -β) of 90% to detect a difference of 0.5 in the mean number of admissions between the control group (three admissions, standard deviation 1) and the intervention group (2.5 admissions, standard deviation 1) with an α-error of 0.05.
statistical analysis
Patient sociodemographic and clinical results were compared between control (H1) and intervention (H2) groups using the χ 2 test (or Fisher's exact test if necessary) for qualitative variables and a two-sampled Wilcoxon test for continuous variables.
The main outcomes of the study were divided into two groups: variables related to the use of health care resources (COPD-related hospital admission, 30-day readmission, COPD-related ED attendance, and the cumulative length of hospital stay in cases when patients were admitted), and indicators that measured patients' HRQoL (SGRQ), functional limitations in daily life (LCADL total score), BODE index, anxiety and depression (HADS), and 6MWT distance. Means and their corresponding two-sided 95% confidence intervals (CIs; as well as medians with 25th-75th percentiles for COPD hospitalization-management outcomes) were summarized by study group, at baseline, and at the end of the study period. Mean differences were also calculated between the two assessment points. We used Wilcoxon nonparametric tests for independent samples to compare between-group responses at each time point. Furthermore, the Wilcoxon signed-rank test was used for within-group before-and-after comparisons.
We fitted negative binomial models to estimate the effect of the telEPOC program on the following outcomes: 1) number of COPD hospital admissions, 2) number of COPD-related ED attendances, and 3) the cumulative length of stay observed during the program period. To this end, variables with P0.2 18 in the unadjusted models were entered as independent factors into the backward-stepwise multivariate negative binomial models. To compare the performance of the nested models, various indicators were used: log likelihood, Akaike information criterion, and Bayesian information criterion. 
2923
Telemonitoring program for COPD patients Likewise, generalized linear models were used to explore effects of the telEPOC program on the mean changes in HRQoL scores (SGRQ and LCADL total scales) and 6MWT distance. R 2 values were calculated to assess the overall variability explained by the variables included in the models. Finally, intention-to-treat analysis was conducted to assess the effect of the telEPOC program: we assumed that patients who dropped out during the follow-up returned to their previous data (for use of health care resources) and baseline values for clinical outcomes. All statistical analyses and plotting of figures were performed using R 3.2.0 release and SAS software, version 9.4 of the SAS System for Windows. P-values less than 0.05 were deemed statistically significant.
Results
A total of 198 patients were included in the study: 120 in the intervention group and 78 in the control group. One patient refused to participate in the intervention group and none in the control group. During the study period, 17 patients were withdrawn: in the intervention group, two declined to continue with the study, two did not fulfill the whole program, four were not able to complete all the assessments required for the study, two had cancer diagnosed during the first month, one was diagnosed with dementia, one underwent lung transplantation, and three were terminal during follow-up. In addition, one patient was dropped due to loss to follow-up. Nevertheless, only one patient declined to participate in the control group (Figure 1) .
Baseline characteristics
General characteristics of the whole sample are summarized in Tables 1-3 . The majority of the participants were men (13% women), and the sample had a mean age of 70 years, FEV 1 % of 45%, Charlson Comorbidity Index score of 3.5, and BODE index score of 4.1.
In clinical variables, there were significant differences between the two cohorts, the intervention group having a more severe level of dyspnea and poorer LCADL and HADS (Table 3) .
With regard to use of health care resources prior to the start of the study, the rate of hospital admission (P0.03) and cumulative length of stay were both higher in the control group (P0.001), whereas no significant differences were found in the rates of ED attendance or 30-day readmission.
Univariate analysis
After 2 years, both cohorts showed a reduction in the rate of hospital admission (P0.001) but the reduction was significantly higher in the intervention group (1.14 vs 2.33, P0.001). Further, in the control group, there were no significant differences in the rate of ED attendance, cumulative length of stay, or the rate of 30-day readmission at the end of follow-up compared to the 2-year period prior to the start of the study. In contrast, in the intervention group, we did find significant reductions in these variables during the study period.
In the clinical variables studied, we detected significant differences between the two cohorts in terms of changes between baseline and 2 years of follow-up in LCADL (P=0.02), 6MWT (P0.001), BODE index (P=0.008), and anxiety (P=0.002) in favor of the intervention group. Though SGRQ scores differed by 3.65 between the groups, this difference was not significant (P=0.07), and nor were there significant differences in depression scores (P=0.06). Lastly, the mortality rate at 2 years was not significantly different in the two groups (P=0.85). Table 4) . With respect to clinical variables, again treatment at the hospital implementing the intervention was independently associated with positive changes or less deterioration in HRQoL and LCADL scores, 6MWT distance, and BODE index score during the 2-year study period (Table 5) . Finally, results obtained from the sensitivity analysis and shown in Table 6 determine a favorable effect of the aforementioned program.
Discussion
The implementation of a 2-year program based on telemonitoring and education in a cohort of COPD patients with frequent eCOPD hospitalizations diminished the rate of hospital admission and length of stay during hospitalization, the rate of ED attendance for an eCOPD, and the rate of 30-day readmission. The program also had an impact on clinical variables.
Use of health care resources
Previous studies have provided some evidence of an effect of telemonitoring on health care-resource use. In a 6-month multicenter nonrandomized controlled study, the rate of hospitalization fell in the cohort of patients supported by telemonitoring, though this was in univariate analysis not adjusted for relevant variables. 19 In a randomized clinical trial, a nearly 40% reduction in admissions was observed during 1 year of follow-up in a cohort of COPD patients with moderate-to-severe obstruction and one hospital admission the year before who were enrolled on a program based on education, self-management of eCOPD, and phone calls. 20 In a randomized 1-year follow-up study including patients immediately after a hospital discharge, an integrated care program (consisting in a tailored plan managed with primary 
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Telemonitoring program for COPD patients care and access to a specialized nurse through a web-based call center) diminished the rate of readmission for eCOPD in the intervention group. 21 In relation to the rate of ED attendance, a 41% reduction was observed in one study, 20 while other research showed no significant differences 22 or did not consider this outcome. 23 In brief, previous studies have in general found a decrease in hospitalization and ED-attendance rates with telemonitoring. However, comparisons between studies are difficult because of their very different methodologies, in the widest meaning of the term "methodology". In our program, we observed a reduction in the rates of hospitalization for eCOPD, the length of hospital stay during hospitalizations for eCOPDs, and the rate of ED attendance, but again the profile of our patients (frequently hospitalized COPD patients) was very different to that of participants in the aforementioned studies.
Notably, in all the studies mentioned herein, as in ours, telemonitoring was implemented as part of an integrated care program; therefore, isolating the impact of telemonitoring alone is not possible. To answer this question, 128 COPD patients with at least one hospitalization during the previous year were included in the telemonitoring arm of the Telescot randomized trial. Over 1 year, no significant differences were observed in terms of time to first hospital admission or total number of days of admission in the intervention arm with respect to usual care. In this trial, usual care included education in self-management of eCOPDs, a written management plan together with a supply of antibiotics and steroids, and various levels of clinical support, depending on where the patient lived. 23 The Telescot methodology was very similar to that of our study. However, some differences can be identified: the Telescot study was a randomized controlled trial managed through primary care with follow-up time of 1 year, while our study was an observational controlled study managed by a respiratory department in collaboration with primary care and with a 2-year follow-up period. The inclusion criteria were at least one hospital admission in the previous year in the Telescot study vs at least two hospital admissions in the previous year or three in the previous 2 years in our study. In the Telescot study, clinical care varied in intensity and the way it was organized across the four regions of Lothian, while such variation was not present in our study. The Telescot evaluated just the telemonitoring system vs usual care, unlike our approach, in which the intervention included telemonitoring and structured education. A key issue in the analysis of the results of all these studies is what was considered the level of usual care. Having a very high After adjusting for the cumulative length of stay prior to inclusion in our program and the number of admissions during the 2 years of follow-up, we did find a shorter length of stay in the intervention group. This reduction in mean hospital stay is probably related to the earlier detection of eCOPD episodes that required admission, allowing prompt treatment and faster recovery, close monitoring after discharge from hospital, contributing to discharge being safer. On the other hand, patients had been treated by the respiratory specialist team of the program before the hospital admission, and hence the hospital admission implied a treatment failure, and this could imply a more severe eCOPD, which would explain a longer hospital stay in some cases. In another study, such differences were not found with respect to the control group. 20 The efficacy of our program is supported by the reduction in the rate of another variable, not generally considered in previous studies, namely short-term readmission after hospitalization. This is a key indicator of quality of care and an area for improvement in COPD, the rates of 30-day readmission generally being high, at around 23%. 25 
Changes in clinical variables
In relation to clinical variables, HRQoL is what has usually been analyzed in previous studies. One integrated program showed very notable changes in all domains of the SGRQ at 3 months of follow-up. 26 The design of that study was very similar to ours, but we did not include self-management teaching techniques and the follow-up period was longer in our study. On the other hand, considering the studies mentioned that showed reductions in resource use, differences were found only in the impact subscale of the SGRQ after 1 year of follow-up, 20 while in a 6-month study no benefits were detected using the Clinical COPD Questionnaire. 19 To date, benefits of telemonitoring have not been clearly demonstrated in terms of HRQoL.
We studied several clinical variables, including daily life limitations and exercise capacity, as well as HRQoL. In general, we found significant differences between the intervention and control groups in favor of the intervention group, except in the case of HRQoL. Notably, the control group lost a mean of 50 m in the 6MWT during the follow-up period, whereas the intervention group lost a mean of just 6 m at 2 years.
Overall, these results suggest that our program directly or indirectly helps preserve some crucial aspects of functioning in COPD patients, such as exercise capacity and ability to perform activities of daily living. It is not possible to establish, however, whether these clinical differences between the intervention and control groups were caused by the reduction in the rate of hospitalization or were related to the promotion of physical activity in the education program. The mortality rate was high, as is to be expected in this type of patient, and there were no significant differences between the groups.
limitations and strengths
This program has been extended to other hospitals and health care districts in the Basque public health system. However, the level of care offered in our system may differ from that offered in other countries, and hence it may not be possible to extrapolate our results to other health systems.
We are unable to determine which parts of the results are related to each part of the program (telemonitoring and education). Although the structured education was limited to one 30-minute session a year, phone calls could have influenced the level of education received by the patients. The patients included had been admitted at least twice before beginning the program and monitored in the outpatient respiratory clinics of the hospitals of Galdakao-Usansolo and Cruces, as well as by their primary care doctors, and in all these contacts with health providers information and education is provided about COPD. However, it is difficult to assess accurately the usual level of COPD-related knowledge of our patients. On the other hand, the two hospitals involved in the study are 20 km apart and provide a similar level of care to COPD patients. Admissions for other causes have not been evaluated, because that was not the aim of the study.
We consider our selection of COPD patients with a high rate of eCOPD admission to be a strength of this study, previous studies generally having included patients with one previous admission, not taking into account whether or not they had a history of frequent admissions. Further, many previous studies completed only 1 year of follow-up, while we extended this to 2 years, providing a longer-term perspective.
Conclusion
In COPD patients with frequent hospitalizations, adding a program based on daily telemonitoring and structured education to the usual care provided in our country had an impact on the use of health care resources (rates of admission for 
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Telemonitoring program for COPD patients eCOPD, ED attendance, and short-term readmission, as well as the length of stay during admissions) and also on several clinical variables.
